INTRODUCTION
The c o r a l genus Acropora poses formidable problems f o r both taxonomists and e c o l o g i s t s . Most s k e l e t a l f e a t u r e s u s u a l l y used i n c o r a l taxonomy a r e reduced o r a b s e n t i n t h i s genus. A high d e g r e e of morphological v e r s a t i l i t y i s a t t a i n e d by means of a n a x i a l branchi n g p a t t e r n , where a c e n t r a l polyp i n c r e a s e s i n l e n g t h and buds o f f r a d i a l polyps from i t s s i d e s . Any r a d i a l polyp has t h e p o t e n t i a l t o become a x i a l i t s e l f , and t o i n t r o d u c e a secondary branching s i t u a t i o n . The r e l a t i v e importance of secondary branches i s h i g h l y v a r i a b l e and commonly t h e growth form p a t t e r n is dominated by t h e s i d e branches r a t h e r t h a n a main s t e m , a s i t u a t i o n s u p e r f i c i a l l y s i m i l a r t o t h a t s e e n i n Angiosperm p l a n t s (Vermeij , 1974) .
With such a f l e x i b l e growth scheme, a d a p t i v e s o l u t i o n s might b e made by t h e i n d i v i d u a l colony a s w e l l a s by t h e s p e c i e s , and t h e t a s k of determining even morphological s p e c i e s l i m i t s w i t h i n t h e Acropora h a s n o t y e t been accomplished. The s i t u a t i o n s t i l l e x i s t i n g i s b a s i ca l l y t h a t d e s c r i b e d f o r c o r a l s i n g e n e r a l by Hoffmeister (1925):
" O r d i n a r i l y , i f w e t h i n k a specimen is f a r enough removed from a recognized and d e s c r i b e d type t o s u i t e our own p e r s o n a l views, w e g i v e i t another s p e c i f i c name. I' I n t h e Great B a r r i e r Reef Province, t h i s genus dominates t h e c o r a l cover of t h e r e e f f r o n t .
I n r e e f s of t h e c e n t r a l Great B a r r i e r , which a r e w i t h o u t a n a l g a l r i m , t h e most l u x u r i a n t and d i v e r s e Acropora assemblages a r e u s u a l l y along t h e south-western t o s o u t h e r n r e e f f r o n t . These g i v e a n impression of some s t r u c t u r a l zonation p a t t e r n i n g , p o s s i b l y determined i n terms of colony shapes. One of t h e s e r e e f s ("Big Broadhurst" Reef, 147O44'E; 18O15'S) ( s e e F i g u r e 1 ) was chosen a s t h e s t u d y a r e a . The r e e f b u t t r e s s e s h e r e s u p p o r t an Acropora assemblage o f such abundance t h a t o t h e r genera a r e almost e n t i r e l y excluded ( s e e p l a t e s 1, 2 and 3 ) . I was i n t e r e s t e d t o see how t h e r e e f b u t t r e s s e s might b e d e f i n e d i n t e r m s of t h e p a t t e r n s of Acropora d i st r i b u t i o n and abundance, and whether p a r t i c u l a r c h a r a c t e r i s t i c s of t h e Acropora p r e s e n t might b e r e s p o n s i b l e -f o r t h e p a t t e r n s .
Queensland Museum, Gregory T e r r a c e , Brisbane, Queensland, A u s t r a l i a Prevailing winds (based on mornmg and afternoon records in mid-seasonal months for 15years to 1975) F i g u r e I.. Map o f s t u d y a r e a , w i t h c r o s s e s i n d i c a t i n g p o s i t t o n s of f i r s t and second r e e f b u t t r e s s e s s t u d i e d .
METHODS
Two r e e f b u t t r e s s e s about 400 m a p a r t were s t u d i e d , u s i n g t h e l i n e t r a n s e c t method adapted from p l a n t community methods by Loya (1972) . Line t r a n s e c t s of 1 0 m l e n g t h and marked i n meter s e c t i o n s were run p a r a l l e l t o t h e r e e f f r o n t on t h e s e b u t t r e s s e s , a t 1 m i n t e r v a l s . The t r a n s e c t s e r i e s began on t h e o u t e r r e e f f l a t , 12 m b e f o r e t h e beginning of t h e drop-off, and proceeded outwards a c r o s s t h e f l a t and down t h e r e e f s l o p e u n t i l no more Acropora were encountered ( s e e Figure 2 ) . Values a r e given i n p a r e n t h e s e s f o r t h o s e t r a n s e c t s i n which t h e t r a n s e c t number was a l t e r e d f o r computer a n a l y s e s . T r a n s e c t s devoid of c o r a l s were n o t used i n t h e a n a l y s e s .
The 10 m t r a n s e c t l e n g t h was n e c e s s i t a t e d by t h e shape of t h e b u t t r e s s e s , which have, a s w e l l a s a f r o n t a l f a c e , a less-defined f a c e dropping t o t h e f l o o r of t h e s u r g e channel a t about 1 0 m from t h e reef top. A 1 0 m t r a n s e c t l e n g t h was t h e maximum a t which a uniform depth would b e maintained f o r t h e whole sample i n some s e c t i o n s of t h e s l o p e .
Each t r a n s e c t was worked i n t h e following way: each Acropora colony under t h e l i n e was i d e n t i f i e d w i t h a f i e l d name, measured, and a p i e c e of t h e colony c o l l e c t e d . The f i e l d i d e n t i f i c a t i o n w a s u s e f u l a s a cross-check i n l a t e r l a b o r a t o r y i d e n t i f i c a t i o n .
I n t h e l a b o r a t o r y t h e cleaned s k e l e t a l specimens were examined f o r morphological c o n t i n u i t i e s , and i d e n t i f i e d from t h e l i t e r a t u r e w i t h t h e a i d of accumulated comparative m a t e r i a l and type m a t e r i a l on l o a n .
A t o t a l of 41 "species" could be d i f f e r e n t i a t e d on t h e b a s i s of morphological c o n t i n u i t y and s i m i l a r i t y i n some l i v e c h a r a c t e r i s t i c s . Each of t h e s e was given a code number, appended i f p o s s i b l e w i t h a n i d e n t i f i c a t i o n .
It was h i g h l y probable on my evidence t h a t t h e c o l o n i e s i n each of t h e s e groups were members of a s i n g l e population. A second s o r t i n g lumped t o g e t h e r t h o s e "species" which, d e s p i t e c e r t a i n d i sc o n t i n u i t i e s , I consider may prove t o b e s i n g l e s p e c i e s . This group, 1 t t h e lumped s p e c i e s , " had 27 members.
The m a t e r i a l was t h e n r e c l a s s i f i e d i n terms of t h e shape of t h e colony, expressed a s 11 shape c a t e g o r i e s , then i n terms of t h e s t r u c t u r e of t h e r a d i a l c o r a l l i t e s , expressed i n n i n e c a t e g o r i e s .
Coding
Each t r a n s e c t could now b e d e s c r i b e d i n terms of t h e members p r e s e n t and t h e i r abundance ( i n terms of e x t e n t under t h e l i n e ) . T h i s i n f o r m a t i o n could be s o r t e d by hand o r by computer.
S o r t i n g
A set of c l a s s i f i c a t o r y and o r d i n a t i o n programs was r u n on t h e t r a n s e c t s . The d i v e r s i t y measure was a n i n f o r m a t i o n s t a t i s t i c which used t h e abundance d a t a . The c l a s s i f i c a t o r y program, now i n g e n e r a l use i n A u s t r a l i a , i s r e f e r r e d t o a s CENTPERC 2 ( s e e Dale, Lance, and Albrecht, 1971) (Gower, 1966) . Both programs were analysed by f u r t h e r programs ("GROUPER" and "GOWERCORE"), which a s s e s s t h e c o n t r i b u t i o n of t h e v a r i o u s c h a r a c t e r s t o t h e r e s u l t . These programs were chosen and r u n by Mike Dale, of CSIRO D i v i s i o n of T r o p i c a l Agronomy, Brisbane. I n a d d i t i o n t o t h e s e normal ( i . e . , R-type) a n a l y s e s , an i n v e r s e ( i . e . , Q-type) package of t h e same programs was run f o r t h e f i r s t series "unlurnped s p e c i e s . " The program devised by Williams and Lambert (1961) was used ( s e e a l s o Sneath and Sokal, 1973, p. 436) .
. The o r d i n a t i o n program, code-named GOWER, s o r t s t h e information c o n t e n t of each t r a n s e c t i n t o seven c o o r d i n a t e s and p l o t s t h e f i r s t t h r e e of t h e s e

RESULTS
The Ordination Programs
Ordination methods probably allow a l e s s a r t i f i c i a l r e s u l t t h a n c l a s s i f i c a t i o n s , which assume groupings of some s o r t must b e o b t a i n e d (Greig-Smith, 1964, p 
. 1 5 8 ) . The o r d i n a t i o n s f o r a l l c a t e g o r i e s i n t h i s s t u d y gave a similar p a t t e r n : when c o n s e c u t i v e transect-numbers were j o i n e d an o v e r a l l horseshoe-shaped curve r e s u l t e d ( s e e Figure& 3 & 4 ) . This r e s u l t i s c l a s s i c a l l y o b t a i n e d w i t h o r d i n a t i o n of s e r i a l l yarranged samples (e.g., f o r temporal series i n archaeology, Kendall, 1971). The curve i n d i c a t e s t h e non-linear n a t u r e of t h e d a t a . A s t r o n g d i s j u n c t i o n can be seen i n t h e p a t t e r n i n t h e f i r s t a x i s .
A l l of t h e r e e f f l a t v a l u e s a r e h i g h l y n e g a t i v e , r e e f c r e s t v a l u e s ( i . e . , t r a n s e c t s t o e i t h e r s i d e of t r a n s e c t 12) tend t o b e low n e g a t i v e , and r e e f s l o p e v a l u e s a r e p o s i t i v e . I n t h e second a x i s a s l i g h t d i s j u n c t i o n is rel a t e d t o abundance.
The C l a s s i f i c a t o r y Programs R e s u l t s of t h e s e are expressed a s a series of dendrograms i n Figure  5 . The e x p e c t a t i o n from t h e s e programs i s t h a t any zonation p a t t e r n s w i l l b e shown up by t h e s t r e n g t h of grouping amongst neighboring t r a n s e c t s . I n a d d i t i o n , grouping amongst a d j a c e n t transect-groups w i l l g i v e an i n d i c a t i o n of a s e q u e n t i a l p a t t e r n i n t h e zonation.
Both phenomena occur. The c o n t e n t s of t h e groups a r e of primary i n t e r e s t , and t h e arms of t h e dendrograms a r e , of course, free-swinging around t h e p o i n t s of f u s i o n . I n t h e f i g u r e s t h e s e a r e allowed t o f a l l a s f a r as p o s s i b l e i n t o p o s i t i o n s which w i l l b e s t i n d i c a t e any sequent i a l p a t t e r n i n t h e r e s u l t s : a . It w i l l b e s e e n i n a l l c a s e s t h a t a s t r o n g r e e f f l a t grouping ( t r a n s e c t s 1 t o 9 o r 10) occurs.
b. T r a n s e c t s on e i t h e r s i d e of t h e r e e f c r e s t l i n e ( t r a n s e c t 12) a r e c a p r i c i o u s , b u t tend t o a s s o c i a t e more with r e e f f l a t t r a n s e c t s t h a n w i t h t h o s e below. These t r a n s e c t s have a t t r ib u t e s from both t h e r e e f f l a t and r e e f s l o p e , and no c o r a l s e x c l u s i v e l y occur h e r e .
UNLUMPED SPECIE LUMPED SPECIES
F i g u r e 3 . O r d i n a t i o n a l o n g f i r s t two a x e s f o r unlumped and lumped s p e c i e s c a t e g o r i e s : l e f t s i d e s e r i e s 1, r i g h t s i d e series 2. C i r c l e d numbers r e p r e s e n t t r a n s e c t s ( s i t e s ) .
Consecutive s i t e numbers a r e j o i n e d by a s t r a i g h t l i n e .
COLONY SHAPES C ONY SHAPES
fL
RADIAL CORALLITE SHAPES
F i g u r e 4. O r d i n a t i o n along f i r s t two axes f o r colony shapes and r a d i a l c o r a l l i t e shapes c a t e g o r i e s : l e f t s i d e s e r i e s 1; r i g h t s i d e s e r i e s 2. C i r c l e d numbers r e p r e s e n t t r a n s e c t s ( s i t e s ) . Consecutive s i t e numbers a r e joined by a s t r a i g h t l i n e .
c. I n some cases, p a r t i c u l a r l y t h e f i r s t two programs f o r t r a ns e c t s e r i e s 2, t r a n s e c t s a t t h e bottom of t h e s e r i e s (near t r a n s e c t 35) group w i t h t h o s e i n t h e c r e s t zone. This phenomenon can be a t t r i b u t e d t o low information c o n t e n t , t h e almost-
empty t r a n s e c t s being accepted i n t o t h e dendrogram where they w i l l l e a s t u p s e t t h e grouping procedure.
d. I n t h e f i r s t s e r i e s , t h e groupings w i t h i n t h e r e e f s l o p e zone always i n c l u d e one v e r y l a r g e group.
The I n v e r s e Program "Inverse a n a l y s i s " i s a term coined by Williams and Lambert (1961) Figure 6 . These r e s u l t s r e f l e c t t h e p a t t e r n s of t h e normal a n a l y s e s a s w e l l a s c a t e g o r i z i n g t h e s p e c i e s . I n t h e c l a s s i f i c a t i o n , i t w i l l be seen t h a t : a . Two subgroupings occur, one being compact and c o n t a i n i n g a l l r e e f s l o p e s p e c i e s . c . Most of t h e r e e f s l o p e s p e c i e s c l u s t e r very c l o s e l y i n t o a s i n g l e group, which a l s o i n c l u d e s t h e r e e f f l a t s p e c i e s 9, 12, 29 (which occur only once). I n f a c t a l l "rare" s p e c i e s have been a t t r a c t e d i n t o t h i s very l a r g e group. Being low i n abundance, they behave i n t h e i n v e r s e program i n a n analogous manner t o t r a n s e c t s low i n d i v e r s i t y i n t h e normal a n a l y s i s (Williams and Lambert, 1961 ).
t o d e s c r i b e t h e c l a s s i f i c a t i o n of s p e c i e s i n t o groups by manipulation of quadrat d a t a . R e s u l t s of t h e i n v e r s e c l a s s i f i c a t i o n and o r d i n a t i o n a r e given i n
b. The almost u b i q u i t o u s s p e c i e s 5, 35 and 4 form unique groups, which then c l u s t e r l o o s e l y w i t h common r e e f f l a t -c r e s t s p e c i e s
I n t h e o r d i n a t i o n program, a horseshoe-shaped curve occurs, inc o r p o r a t i n g a l l except s p e c i e s high i n abundance through most of t h e samples ( s p e c i e s 5, 35, 4 ) . Reef f l a t -c r e s t s p e c i e s occur a s n e g a t i v e on t h e f i r s t a x i s , and t h e b u l k of t h e r e e f s l o p e s p e c i e s c l u s t e r tog e t h e r near t h e c e n t e r of t h e a x i s . The s i n g l i n g o u t of t h e ubiquitous s p e c i e s i s t o be expected i n a program s e n s i t i v e t o abundance.
Hand S o r t i n g of M a t e r i a l --
The r e s u l t s can a l s o be p o r t r a y e d i n t h e form of a simple hands o r t e d matrix. F i g u r e s 7 and 8 d i s p l a y t h i s technique f o r t h e "unlumped species" category. I n t h e s e t h e d i s j u n c t i o n can be seen between t r a n s e c t s on t h e r e e f f l a t (above d o t t e d l i n e ) and r e e f s l o p e (below). Some s p e c i e s a r e almost u b i q u i t o u s , b u t most a r e r e s t r i c t e d e i t h e r above o r below t h e c r e s t l i n e , w i t h some e x t e n s i o n (mainly from above F i g u r e 5 . R e s u l t s of t h e c l a s s i f i c a t o r y programs expressed a s dendrograms. Numbers a t s i d e s of dendrograms r e p r e s e n t sites ( t r a n s e c t s ) . S c a l e s i n d i c a t e i n f o r m a t i o n l e v e l s . F i g u r e 6 . R e s u l t s of i n v e r s e a n a l y s e s of "unlumped species": dendrogram and o r d i n a t i o n . Numbers r e p r e s e n t i n d i v i d u a l s p e c i e s . I n 'the o r d i n a t i o n , c l o s e l y aggregated p o i n t s i n t h e c e n t r e of t h e axes a r e l e f t unnumbered. S c a l e i n dendrogram i n d i c a t e s information l e v e l s .
SPECIES NUMBER BIG BROADHURST TRANSECT SERIES I
F i g u r e 7. Hand-sorting of d i s t r i b u t i o n and abundance of "unlumped s p e c i e s " category f o r t h e gradual-slope b u t t r e s s .
( t r a n s e c t s e r i e s 1 ) . Dotted l i n e marks p o s i t i o n of r e e f -c r e s t t r a n s e c t 
BIG BROADHURST
TRANSECT SERIES 2 Figure 8 . Hand-sorting of d i s t r i b u t i o n and abundance of "unlumped s p e c i e s " category f o r t h e steep-slope b u t t r e s s ( t r a n s e c t s e r i e s 2 ) . Dotted l i n e marks p o s i t i o n of r e e f -c r e s t t r a n s e c t .
downwards) i n t o a n a r e a around t h e l i n e . This r e e f c r e s t a r e a has no unique s p e c i e s ; t h i s a r e a might be regarded as a zone of o v e r l a p , a t r a n s i t i o n zone, o r a n e c o l o g i c a l zone i n i t s own r i g h t .
I n t h e r e e f s l o p e zone t h e hand-sorting appears t o show two d i ff e r e n t p a t t e r n s :
i n t h e f i r s t s e r i e s (gradual r e e f s l o p e ) a s e q u e n t i a l i n c r e a s e i n t h e number of s p e c i e s p r e s e n t , w i t h l i t t l e dropping-out of s p e c i e s ; i n t h e second s e r i e s ( s t e e p r e e f s l o p e ) , a g r a d u a l change i n assemblage w i t h almost c o n s t a n t species-numbers.
I n b o t h s e r i e s , t r a n s e c t s from about 20 m and below a r e almost o r completely devoid of c o r a l s . A similar p a t t e r n w a s s e e n i n hand-sortings f o r a l l t h e c a t e g o r i e s . The p a t t e r n was weakest i n t h e " r a d i a l c o r a l l i t e shape" d a t a ; only two shapes a r e unique t o t h e r e e f s l o p e , and none a r e unique t o t h e f l a t .
DISCUSSION
Even when t h e terms of r e f e r e n c e i n c l u d e only a s i n g l e c o r a l genus, t h e o u t e r r e e f poses a complex p a t t e r n of s i t u a t i o n s .
It may be heurist i c a l l y u s e f u l t o d e f i n e some of t h e s e s i t u a t i o n s w i t h a "jigsaw-solving" approach a s u n i t s f o r s e p a r a t e examination, i n o r d e r t o remove some of t h e n o n -l i n e a r i t y from t h e p a t t e r n . The u n i t s and t h e methods used t o s t u d y them do n o t need t o be d i r e c t l y comparable i n o r d e r t o c o n t r i b u t e t o a n understanding of t h e o v e r a l l p a t t e r n .
From t h i s s t u d y , f o u r u n i t s emerge: t h r e e d e f i n a b l e a s r e e f l o c a l i t i e s (from t h e r e s u l t s of normal a n a l y s i s ) , and one a s a c o r a l group (from t h e i n v e r s e a n a l y s i s ) . They a r e :
1. The o u t e r r e e f f l a t ; i t more o r l e s s c o i n c i d e s w i t h t h e low t i d e mark and i t s p h y s i c a l environment i n c l u d e s v a r i a b l e s dependent on t h e t i d a l c y c l e a s w e l l a s g r a d i e n t s r e l a t e d t o h o r i z o n t a l d i s t a n c e from t h e r e e f c r e s t . This a r e a s u p p o r t s a number of Acropora s p e c i e s which do n o t invade t h e r e e f s l o p e , and c o l o n i e s h e r e a r e e i t h e r corymbose o r f l e x i b l e -i n d e t e r m i n a t e forms. The l a t t e r can a d a p t t o limits imposed by t h e t i d a l l e v e l by a low growth p r o f i l e , which i n some c a s e s e f f e c t i v e l y mimics a corymbose growth form. I n t h i s study only t h e o u t e r 12 m of r e e f f l a t was i n c l u d e d , and i n d i c a t i o n s a r e t h a t t h i s i n c l u d e d a r e a i s t h e " t a i l end" of a s e r i a l r e e f f l a t assemblage.
2. The r e e f s l o p e ; p h y s i c a l g r a d i e n t s a r e r e l a t e d t o depth, and f a c t o r s c o r r e l a t i n g w i t h shape c h a r a c t e r i s t i c s of t h e s l o p e may b e expected t o b e i n f l u e n t i a l . Again, t h e r e i s a c h a r a c t e r i s t i c Acropora assemblage undergoing a s e r i a l change i n s p e c i e s and colony shape c h a r a c t e r i s t i c s from upper t o lower assemblage; i n t h i s c a s e t h e s t u d y i n c l u d e d t h e whole of t h e u n i t . Upper and lower s e c t i o n s have lower d i v e r s i t y t h a n a middle s e c t i o n by a l l c r i t e r i a used, and colony-shape c h a r a c t e r i s t i c s a r e probably of g r e a t importance. I n t h e deeper water t r a n s e c t s , abundance i s very low, and a l l s p e c i e s p r e s e n t grow h o r i z o n t a l l y : s p e c i e s p r e s e n t i n c l u d e h o r i z o n t a l l y growing s p e c i e s which a l s o occur i n shaded shallow-water s i t u a t i o n s (Wallace, unpublished) a s w e l l a s f l a t t e n e d m o d i f i c a t i o n s of o t h e r r e e f s l o p e shapes ( f o r f i v e s p e c i e s i n t h i s s t u d y ) .
The shallow-water r e e f s l o p e a r e a i n t h i s s t u d y was dominated by a small number of s p e c i e s (probably s i x ) , of two v e r y d i f f e r e n t colony shapes: l a r g e h o r i z o n t a l p l a t e s and indeterminant a r b o r e s c e n t bushes. These two shapes seem t o p a r t i t i o n t h e a v a i l a b l e space e f f e c t i v e l y , and abundance i s v e r y high.
Between t h e s e extremes of t h e s l o p e assemblages occurs a highd i v e r s i t y assemblage; each s p e c i e s i s a b l e t o a t t a i n i t s most d i s t i n ct i v e form, and most of t h e range of v a r i a b i l i t y w i t h i n t h e genus f o r colony-shape and r a d i a l c o r a l l i t e shape i s expressed. It seems l i k e l y t o me t h a t comparative s t u d y of t h i s r e g i o n f o r a v a r i e t y of r e e f -s l o p e regions may y i e l d information on f a c t o r s important t o maintenance of d i v e r s i t y .
This p a r t of t h e r e e f s l o p e may n o t b e p h y s i c a l l y any l e s s unp r e d i c t a b l e t h a n o t h e r o u t e r r e e f a r e a s , when t h e e f f e c t s of major c a t a s t r o p h i c e v e n t s such a s cyclones a r e considered: "Groove-spur systems..removed from r e e f f r o n t s " ( S t o d d a r t , 1974); "An e x t e n s i v e f o r e s t of s t a g h o r n Acropora ... f l a t t e n e d . . . a t a depth of 20 M" (Pearson, 1975) . However, t h e s e i n t e r m e d i a t e depths a r e below t h e r e g i o n of
